ABSTRACT -The objective of this study was to determine the effects of grape seed (GS) supplementation to basal diet on performance, carcass characteristics, some biochemical parameters, and antioxidant status of tissues of Japanese quail in growth phase with different plumage colors exposed to heat stress (HS). A total of 144 eight-day-old Japanese quail including 72 (36 females, 36 males) grey and 72 (36 females, 36 males) golden were used in this study. The quail were kept under HS (16 h at 34 ºC, 8h at 22 ºC) and thermo-neutral (24 h at 22ºC) conditions between 15 and 43 days of age. All quail were fed a basal diet (control) and basal diet supplemented with GS at both 10 g/kg and 20 g/kg ratios. Each feeding treatment was repeated three times including four quail (two females and two males) per replicate. Heat stress considerably decreased the live weight gain on days 29-36, 36-43, and 15-43. Golden quail had higher live weight from the beginning of the trial. The increase of live weight on days 15-43 was higher in the golden group than in the grey group. Malondialdehyde (MDA) levels of liver and kidney tissues increased in heat-stress group compared with thermo-neutral group (P<0.001). In HS, significant increases were determined only in catalase (CAT) in the liver and in glutathione peroxidase (GSH-Px), CAT, and glutathione (GSH) in the kidney (P<0.05). Addition of dietary GS decreased MDA and antioxidant levels, which increased in liver and kidney of quail during HS. Plasma total cholesterol, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) levels were higher in quail under HS. Plasma total cholesterol, glucose, triglyceride, AST, and ALT levels of quail under HS decreased due to addition of 10 g/kg GS.
Introduction
High temperature is one of the environmental factors that influence physiological traits and production of poultry (Azad et al., 2010) . Since heat stress (HS) increases reactive oxygen species, it leads to oxidative stress (Erisir et al., 2016) . As a result of HS, oxidative stress increases the amount of malondialdehyde (MDA), which is an indicator of lipid peroxidation, and decreases serum, vitamin, and mineral concentrations, playing a critical role in antioxidant defense system (Çiftçi et al., 2016) .
Grape seed (GS) extract contains the most beneficial groups of plant flavonoids and oligomers of proanthocyanidin. It is reported that proanthocyanidin extracts have cholesterol lowering and anticancer effects as well as antibacterial, antiviral, and antifungal activities (Cos et al., 2003) . As strong antioxidants, proanthocyanidins have numerous positive effects on health (Singh et al., 2004) . Grape seed oil, which is considered to have functional property, is rich in unsaturated fatty acids, containing 72-76% of linoleic acid ratio. The oil contains a vast quantity of tannin. This level is 100 times greater than oils of other seeds. This situation makes GS oil more resistant to peroxidation. Studies on prevention of thrombosis, inhibition of cardiovascular disorders, serum cholesterol lowering, vasodilatation, and regulation of autonomic nervous system against low density lipoprotein (LDL) oxidation have revealed that grape seed oil has pharmaceutical activity (Cao and Ito, 2003) and also contains tocopherol (900-1200 ppm). As the strongest fat-soluble antioxidants, tocopherols have R. Bras. Zootec., 47:e20170172, 2018 vitamin E activity. They have antioxidant properties 50 times greater than vitamin E and 20 times greater than vitamin C (Martinello et al., 2007) .
Plumage color (PC) is accepted as a characteristic of the breed or line in quail. In previous studies, lines of quail are named and defined according to PC mutations. Today, new lines with different PC mutations are being explored. It is becoming important to reveal yield traits of these lines (Cneg and Kimura, 1990) .
Therefore, the objective of this study was to determine the effects of GS supplementation to basal diet on weight gain, feed intake, feed conversion ratio, carcass characteristics, some biochemical parameters, and antioxidant status of liver and kidney of Japanese quail in the growth phase with different PC exposed to heat stress.
Material and Methods
The study was conducted in Elazig province (38°40' S, 39°13' W) of Turkey. A total of 144 eight-day-old Japanese quail with different PC, including 72 grey (36 females, 36 males) and 72 golden (36 females, 36 males) quail, were taken at one week of age in this study. The quail were adapted to the environment for a week. Then, they were weighed and assigned to groups when they were 15 days old. The quail were kept under heat stress (HS: 16 h at 34 ºC, 8 h at 22 ºC) and thermo-neutral (TN: 24 h at 22 ºC) conditions between 15 and 43 days of age. All quail were fed a basal diet (control) and a basal diet supplemented with GS at both 10 and 20 g/kg ratios. Each feeding treatment was repeated three times including four quail (two females and two males) per replicate. The local Ethical Committee on Animal Use approved all procedures used in this study (case no. 2016/23) . Light was provided continuously (24 h) throughout the experiment. Diet and water were offered ad libitum. Rations used in the study were arranged according to the standards of National Research Council (NRC, 1994) (Table 1) . Feed intake and body weight were determined weekly. The weight gain and feed conversion ratios of the quail were then calculated. Six quail (three males and three females) from each group and two quail per repetition were randomly chosen and slaughtered 43 days later. Blood, liver, heart, spleen, and kidney were resected carefully during slaughtering. Slaughter, liver, heart, and spleen weights were determined. Blood samples were taken into tubes containing heparin and centrifuged at 3,000 rpm for 10 min and their serum was extracted. Serum liver and kidney samples were kept at −20 until the analysis.
The serum was used for glucose, triglyceride, total cholesterol, uric acid, ALT, and AST assay. Glucose, triglyceride, total cholesterol, uric acid, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were measured by using a biochemical analyzer (Olimpus AU-600).
Malondialdehyde (MDA) levels of liver and kidney were spectrophotometrically measured in accordance with the procedures described by Placer et al. (1966) . Superoxide dismutase (SOD) activity of the tissues was measured using xanthine and xanthine oxidases to generate superoxide radicals which react with nitroblue tetrazolium (NBT) based on the methods of Sun et al. (1988) . The glutathione peroxidase (GSH-Px) activity was determined according to Lawrence and Burk (1976) . The glutathione content of the tissues was measured at 412 nm by using the method of Sedlak and Lindsay (1968) . Aebi (1984) method was used to measure catalase (CAT) activity.
During the data collection stage, two-way anova was used by the GLM (General Linear Model) procedure. Main effects of environmental conditions, plumage colors, and feed supplementations and interactions among the parameters were present in tables. Significant differences were further subjected to Tukey's multiple range test of SPSS (2012, version 21.0) . P values less than 0.05 were accepted as significant.
Results
Heat stress considerably decreased live weight gain on days 29-36 (P<0.001), 36-43 (P<0.05), and 15-43 (P<0.05) ( Table 2 ). Golden quail had higher live weight from the beginning of the trial (P<0.01). The live weight gain on days 15-43 was higher in golden group than in grey group (P<0.05). No significant effect of feed additive used was found on live weight and live weight gain (P>0.05). When the interaction between ambient temperature and different PC was examined, live weight gain on days 22-29 was significantly affected (P<0.05). When the interaction between ambient temperature and addition of feed additive was examined, live weight gain on days 29-36 and 36-43 was significantly affected (P<0.05). When examining the interaction between different PC and addition of feed additive, live weight gain on days 22-29 was significantly influenced (P<0.05). As the interactions among ambient temperature, different PC, and addition of feed additive were examined, live weight gain on days 36-43 was significantly affected (P<0.01).
Generally, feed intake rate of quail raised under TN condition was found to be higher compared with quail raised under HS (P<0.001) ( Table 3 ). The rate of feed efficiency was higher on days 15-22 (P<0.001), 22-29 (P<0.001), and 15-43 (P<0.05) in quail raised under HS. When the interaction between different PC and addition of feed additive was examined, feed efficiency on days 29-36 was significantly affected (P<0.05). When examining the interactions among ambient temperature, different PC, and addition of feed additive, feed efficiency rate on days 36-43 was significantly affected (P<0.05).
It was observed that slaughter weight was significantly higher in quail raised under normal conditions (P<0.05) ( Table 4) . Heart weight and heart ratio were significantly higher in quail raised under TN contidion compared to those raised under HS (P<0.001).
It was found that total cholesterol, ALT, and AST levels were higher in quail raised under heat stress (P<0.001) ( Table 5 ). While triglyceride (P<0.001) and uric acid levels (P<0.05) were higher in grey quail, ALT levels (P<0.05) were significantly higher in the golden. Addition of GS to ration significantly decreased glucose, ALT, and AST values (P<0.001) compared with control group. While the addition of GS to ration significantly decreased total cholesterol (P<0.05), triglyceride (P<0.001), and uric acid (P<0.05) levels in quail raised under HS, it had no effect on those raised under TN condition. When the interaction between ambient temperature and different plumage color was analyzed, triglyceride and ALT values (P<0.001), and AST and uric acid values (P<0.01) were significantly influenced. When examining the interaction between ambient temperature and feed additive, it significantly affected glucose (P<0.05), total cholesterol (P<0.01), triglyceride (P<0.05), and AST (P<0.01) values.
Malondialdehyde levels of liver and kidney tissues increased in heat stress group compared with thermoneutral group (P<0.001) ( Table 6 ). Catalase activity of liver (P<0.001) and SOD (P<0.01), GSH level (P<0.001), GSH-Px (P<0.001), and CAT (P<0.001) activities of kidney were significantly lower in heat stress group. Malondialdehyde levels of liver (P<0.01) and kidney (P<0.001) were higher in golden group. Superoxide dismutase and CAT activities (P<0.001) and GSH level (P<0.01) of liver were higher in golden group. Superoxide dismutase activity of kidney was lower and its GSH level and GSH-Px activity were higher in this group (P<0.001). Grape seed supplemented to diet significantly decreased MDA levels of liver and kidney (P<0.001). Higher CAT activity of liver and SOD, GSH-Px, and CAT activities of kidney were obtained in control (no supplement) group (P<0.01).
Discussion
As expected, in the study, it was observed that HS significantly decreased live weight gain. Animals under heat stress tend to diminish their heat production by limiting feed intake, with subsequent detrimental effects on live weight gain. Several researchers have also reported that HS decreased the live weight gain (Siegel, 1995; Çiftçi et al., 2013) . Golden quail had higher live weight from the beginning of the trial and higher live weight gain at the end of trial. Numerous researchers reported that different PC significantly affected the live weight (Oguz and Minvielle, 2001; Genchev et al., 2008; Tarhyel et al., 2012; Inci et al., 2015) . Addition of GS to ration did not affect the live weight gain in the study. Similarly, in a previous study conducted by Brenes et al. (2010) with broilers, they reported that addition of GS to ration did not affect the live weight gain. It is a known fact that temperature over normal limits decreases feed intake of animals and, accordingly, the feed efficiency. In the present study, heat stress significantly decreased feed intake. Many researchers have reported that HS Table 5 -Effects of dietary grape seed (GS) on blood parameters of different plumage-colored Japanese quail exposed to heat stress ALT -alanine aminotransferase; AST -aspartate aminotransferase; TC × PC, TC × FS, PC × FS, and TC × PC × FS -interactions among main groups; NS -not significant. a,b -The differences among feed supplement groups in the same column in gray group under heat stress condition are significant. A,B -The differences among feed supplement groups in the same column in golden group under heat stress condition are significant. x,y -The differences among feed supplement groups in the same column in gray group under thermo-neutral condition are significant. X,Y -The differences among feed supplement groups in the same column in golden group under thermo-neutral condition are significant. * P≤0.05. ** P≤0.01. *** P≤0.001. A,B -The differences among feed supplement groups in the same column in golden group under heat strss condition are significant.
x,y -The differences among feed supplement groups in the same column in gray group under thermo-neutral condition are significant. X,Y -The differences among feed supplement groups in the same column in golden group under thermo-neutral condition are significant. * P≤0.05. ** P≤0.01. *** P≤0.001.
decreased feed intake (Geraert et al., 1996; Guo et al., 2003; Tawfeek et al., 2014) . Austic (1985) indicated that every 10 o C of increase over 20 o C of temperature in the air decreased feed intake by 17%. At the end of trial, feed efficiency rate was significantly higher in quail raised under normal conditions. Several studies indicating that heat stress affected feed efficiency rate negatively support the present study (Bartlett and Smith, 2003; Gonzalez-Esquerra and Leeson, 2005; Tawfeek, 2014) . When feed intake was examined at the end of the trial, it was observed that golden quail consumed significantly greater amounts of feed than grey quail; however, feed efficiency did not change between the two groups. In the study conducted by Inci et al. (2015) with quail, they reported that feed intake was higher in golden quail, but feed efficiency did not change. Addition of GS (expecially the 20 g/kg group) to ration significantly increased feed intake particularly in grey quail compared with the goden group, but feed efficiency did not change in the present study.
When slaughter weight was examined, it was determined that quail raised under normal conditions were significantly heavier compared with quail exposed to HS. Gonzalez-Esquerra and Leeson (2005) and Çiftçi et al. (2013) also reported that HS negatively affected live weight. Heart weight of quail raised under TN conditon was higher than that of quail exposed to HS. No difference was observed between the groups in terms of liver and spleen weights. However, in a study conducted by Bartlett and Smith (2003) with broilers, they stated that HS decreased organ weight. While color difference significantly affected heart weight in quail, it did not have an effect on slaughter weight and weights of other organs. Addition of GS to ration significantly increased heart rate and did not affect the slaughter weight and weights of other organs. In their study, Brenes et al. (2010) reported results similar to the results of present study.
In poultry, heat stress is one of the major factors causing the increased production of mitochondrial reactive oxygen species (ROS) in tissues. Reactive oxygen species accumulating in the cells cause cellular dysfunction by inducing an irreversible damage in molecules such as lipids, proteins, and DNA (Kikusato et al., 2016; Azad et al., 2013) . Malondialdehyde is one of the metabolic products of lipid peroxides resulting from lipid peroxidation reaction induced by ROS in tissues (Xiao et al., 2016) . Acute heat exposure (32 °C for 6 h or 32, 35, and 38 °C for 3 h) resulted in a significant elevation of MDA in the liver of broiler chickens (Lin et al., 2006; Tan et al., 2010) . Levels of MDA also significantly increased in livers of ducks (34 °C, for 28 days) and quail (34 °C, for 8 h/day/12 weeks) exposed to high heat (Sahin et al., 2010; Ma et al., 2014) . In the present study, the fact that HS increased MDA levels in liver and kidney of quail was an indicator of oxidative damage. Scavenging of ROS and protection of cells from oxidative damage are based on antioxidant systems of the body. Antioxidant systems contain antioxidant enzymes like GSH-Px and low molecular weight antioxidants such as GSH (Xiao et al., 2016) . Exposing broilers to an acute heat shock leads to an increase in the activity of antioxidant enzymes such as SOD, GSH-Px, and CAT to protect cells from the negative consequences of excessive generation of free radicals (Lin et al., 2006; Tan et al., 2010) . In the present study, significant elevations were determined only in CAT in the liver of quail and in all of the examined antioxidants in their kidney. The increase of all of these antioxidants in the kidney of quail and greater elevation of MDA indicated that more ROS was formed in kidney during HS, and kidney was more affected. There are also studies indicating that antioxidants are lower in livers of ducks, broilers, and quail exposed to high heat, and chronic HS leads to deficiency of antioxidants (Sahin et al., 2010; El-Damrawy, 2014; Ma et al., 2014) .
It was identified in the present study that oxidant and antioxidant values varied in tissues based on PC of quail, and MDA levels and antioxidant values (except for SOD in kidney) in both liver and kidney of golden group were higher compared with the grey group. Higher MDA levels of liver and kidney in golden group made us reason that grey quail were more resistant to HS. Similarly, erythrocyte GSH and MDA levels were found lower in melanic (darker) falcons and eagles in a previous study (Galván et al., 2010) . Vitousek et al. (2013) also stated that darker swallows had lower plasma oxidative damage and were resistant to oxidative stress, and PC based on melanine was a reliable indicator for susceptibility to oxidative stress.
Grape seeds are a rich source of flavonoid and phenolic compounds, which are strong free radical scavengers. Dietary grape seed extract significantly decreased ROS and MDA levels increasing in skeletal muscle and liver of broiler chickens exposed to chronic heat stress (Azad et al., 2013; El-Damrawy, 2014 ) and increased total antioxidant capacity of broiler (Farahat et. al. 2017) . Addition of dietary grape seed also decreased MDA and antioxidant levels, which were elevated in liver and kidney of quail exposed to HS; grape seed both decreased the need for antioxidants and inhibited oxidative damage due to its antioxidant properties.
Thermal stress causes changes in biochemical blood parameters. Aspartate aminotransferase and ALT enzymes are released into the bloodstream in case of tissue damage (Gasparino et al., 2015) . In the present study, HS led to a significant increase in serum AST and ALT values of quail. These results were in parallel to oxidative damage occurring in liver and kidney. Plasma triglyceride, cholesterol, and glucose levels of quail elevated in high ambient temperature (Tuzcu et al., 2008; El-Kholy et al., 2017) . Increased plasma cholesterol and glucose levels were associated with high levels of plasma corticosterone resulting from stress (El-Kholy et al., 2017) . In the present study, it was found that only plasma cholesterol levels significantly increased and glucose levels were normal under HS. Researchers associated chronic stress-induced hypoglycemia in poultry with exhaustion of hepatic glycogen storage following increased glucose need and elevated glycolysis (Freeman et al., 1984; Erisir and Erisir, 2002) . El-Damrawy (2014) reported that serum triglyceride, HDL, and LDL levels increased in broilers under heat stress; however, they decreased as a result of addition of GS extract. In the present study, plasma glucose, total cholesterol, triglyceride, AST, and ALT levels of quail under heat stress decreased due to addition of GS. Abu Hafsa and Ibrahim (2018) reported that GS extract decreased plasma glucose, total lipids, trigliceride, and cholesterol, but did not affect plasma ALT and AST levels. In addition, it was reported that GS showed hepatoprotective and nephroprotective effect in a previous research (Madi Almajwal and Farouk Elsadek, 2015) .
Conclusions
Because of its positive effects on welfare of birds under stress conditions, grape seed can be used as a feed additive to quail feeds.
